
copy f?~
RM H55G25

<11

@P~bL
4,,J:j,:,4:’FX’C;. “~..,,,*&’fi .. ..

“. .
%~ ., \

.’. .

RESEARCH MEMORANDUM

BEHAVIOR OF THE BELL X-1A RESEARCH AIRPUNE DURING ~

EXPLORATORY FLIGHTS AT MACH NUMBERS NEAR 2.0

AND AT EXTREME ALTITUDES

By Hubert M. Drake and Wendell H. Stillwell

High-Speed Flight Station
k Edwards, Calif.

4!?
~./
E~~.* & *

d;,; ~ .
‘ o Iytiti //

CL4SSFISD DOCUMENT

This nmterlal containa information affecting the National Defense of the United States within U.e meaning
of tbe espionnge laws, Title 18, U. S. C., sec.% 793 ad 794, tb? transmission or revelation of which in any
—r to an UI18Utbmized person is prohibild by law.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

1 WASHINGTON

September 1, 1955



NACA RM H5’jG25

NATIONAL

SECRET

ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

BEHAVIOR OF THE BELL X-1A RESEARCH AIRPLANE DURING

EXPLORATORYFLIGHTS AT MACH NUMBERS NEAR 2.0

AND AT EXTREME ALTITUDES

By Hubert M. Drake and Wendell H. Stillwell

su’mARY

A flight program has been conductedby the U. S. Air Force consisting
of exploratoryflights to determine the Mach number and altitude capa-
bilities of the Bell X-1A research airplane.

On two flights of the X-1A airplane, one reaching a Mach nuniberof
about 2.44, the other a geometric altitude of about 90,000 feet, lateral
stabilitydifficultieswere encounteredwhich resulted in uncontrolled
rolling motions of the airplane at Mach numbers near 2.0. Analysis indi-
cates that this behavior app=ently results from a combinationof low
directionalstability and damping in roll and may be aggravatedby high
control friction and rocket motor misalignment. The deteriorationof
directionalstabilitywith increasingMach number can lead to severe
longitudinal-lateralcoupling at low roll rates. The misalignment of
the rocket motor could induce sufficientlyhigh roll velocities to excite
these coupled motions. Adequate control of these motions was virtually
impossiblebecause of the high control friction. In the absence of rolling,
Poor lateral behavior might be expected at somewhat higher Mach numbers
~ecause wind-tunnel data-indicate-neutral
M= 2.3Kj.

directional stability at about

INTRODUCTION

An expedited flight program has been
Base, Calif. to determine the Mach number and altitude
Bell X-1A research airplane. This program was carried

Edwards Air Force
capabilitiesof the
out by the U. S. Air

Force with operationalassistanceprovided by Bell Aircraft Corp. At the
beginning of this program the National Advisory Committee for Aeronautics
provided instrumentationassistanceby furnishing airspeed and accelera-
tion recorders..
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2 SECRET NACA RM H5~G25

Poor dynamic lateral stability characteristics,resulting from the
decrease in directional stabilitywith increasingMach number (ref. 1),
were experiencedduring a previous investigationwith a highly loaded
airplane at high altitude and high Mach number. It was expected, there-
fore, that poor stability characteristicsmight also be encounteredduring
the X-lA flight program. On the second flight of the program, which was
an attempt to attain maximum Mach number, violent uncontrolledmotions
were encounteredat a Mach number of about 2.2. Because of this incident,
the Air Force requested that the NACA assist the program by installing
complete handling qualities instrumentationand by rendering engineering
assistance.

The Air Force high altitude program was then institutedand several
flights were made in an attempt to reach maximum altitude. On one flight
of this program a Mach number of about 2.0 was reached without encountering
unusual stability and control problems. However on the succeedingattempt
to attain maximum altitude, at a Mach number of about 2.0, the uncontrolled
behavior was again encountered.

SYMBOLS

longitudinalacceleration,g units

normal acceleration,g units

transverse acceleration,g units

rolling-momentcoefficient

variation of rolling-momentcoefficientwith sideslip angle,
dCz/dJ3,per deg

airplane normal-forcecoefficient, anW/qS

yawing-moment coefficient

variation of yawing-momentcoefficientwith”sideslip

accelerationdue to gravity, ft/sec2

pressure altitude, ft
..

moment of inertia about longitudinalstability axis, Slug-fta
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moment of inertia about lateral stability axis, slug-ft2

moment of inertia about vertical stability axis, slug-ft2

stabilizer incidence,deg

aileron stick force, lb

elevator stick force, lb

rudder pedal force, lb

Mach number

free-streamstatic pressure, lb/sq ft

rolling velocity, radians/see

dynamic pressure, 0.7M@, lb/sq

pitching velocity, radians/see

yawing velocity, radians/see

wing area, sq ft

time, sec

weight, lb

angle of attack, deg

angle of sideslip,deg

left aileron position, deg

elevator position, deg

rudder position, deg

frequency,radians/see

ft

Subscripts:

!“ e pitch

* yaw

SECRET



4 SECRJZT NACA RM H35G2’5

KcRPm

The X-1A is a single-placerocket-poweredresearch airplane having
a straight 8-percent-thickwing and a straight 6-percent-thicktail.
The X-1A differs from the originalX-1 airplane by having a modified
cockpit configuration,a longer fuselage to accommodateadditionalpro-
pellant tanks, and a turbine-~iven propellant-pumPsYstem”, The added
propellants result in a total powered time of approximately4.2 minutes
at full thrust which gives the airplane considerablygreater performance
potential over the earlier model which had a total powered time of about
2.5 minutes.

A three-view drawing of the X-lA is shown in figure 1 and a three-
quarter front-viewphotograph is presented in figure 2. Contained in
table I are pertinent airplane dimensions and characteristics.

The control surfaces do not incorporateaerodynamicbalance or power
boost. The horizontal stabilizer is adjustable,being driven by a screw
jack. Only one rate of surface deflection is available. The elevator
control contains a centering spring to improve the control-forcegradient
at low speeds. Figure 3 presents no-load measurementsof the control
system friction,made by measuring the control positions and control
f&ces as the
tion in these

controls were slowly deflected. The lsrge amount of fric-
systems should be noted.

INSTRWENTATION

Instrumentationinstalled for the flights reported in this paper
were not identical. For flight A, the flight to maximum Mach number,
the recording instrumentationconsisted of a Bell Aircraft photopanel,
an NACA airspeed-altituderecorder, and an NACA three-componentacceler-
ometer. The Bell Aircraft photopanel instrumentationwas used to record
the following quantities:

Elevator position
Rudder position
Left aileron position
Stabilizerposition
Rolling velocity
Pitching velocity
Yawing velocity

The photopanel
which operated

instrumentswere photographedby a 35 millimeter camera
at a rate of four frames per second.

‘.
.
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Airspeed and altitude were measured by an NACA high-speedpitot-
static head located as shown in figure A(a). This head was equipped with
a type A-6 (ref. 2) total pressure pickup. The extremely short nose boom
was necessitatedby the clearanceof the X-1A when coupled to the B-29 drop
airplane.

Standard NACA recording instrumentswere installedto record the
following quantitiesduring flights B and C to maximum altitude:

Airspeed
Altitude
Vertical acceleration
Longitudinalacceleration
Transverse acceleration
Elevator position
Left aileron position
Right aileron position
Rudder position
Stabilizerposition
Elevator stick force
Aileron stick force
Rudder pedal force
Pitching velocity
Rolling velocity
Yawing velocity

In addition, 16-millimeterGSAP cameras were installedto photograph.the
horizon forward and to the left of the airplane. These cameras operate
at a rate of four frames per second and enable the airplane attitude to
be determined during flight.

Airspeed and altitude were measured by an NACA high-speedpitot-
static head, with a type A-6 total pressure pickup, which could be extended
in flight to the position shown in figure A(b). Angles of attack ~d
sideslip were measured by vanes mounted on the extensiblenose boom.

The pilotts instrumentswere connectedto the left wing boom pitot-
static head during all flights.

AIRSPEED CALIBRATION

The extremely short nose
errors in the measured static
and airspeed-calibrationdata
in which this boom was used.

boom used for flight A resulted in large
pressure at subsonic and transonic speeds
were not obtained during the two flights
However, an estimated calibrationhas been

made based on the
lation. Although

calibrationsof other airplaneswith nose-boom instal-
none of these airplanes have nose booms as short as

.>
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that of the X-1A, it is believed this estimated calibrationis accurate
to approximately M = &3.05. Mach numbers below the calibrationdis-
continuity (jump),which occurs at about M = 1.25, have been corrected
according to this estimated calibration. Mach numbers above the dis-
continuityare uncorrectedbecause the error at supersonic speeds is
believed to be negligible at small angles of attack smd sideslip.

Airspeed-calibrationdata were obtained at subsonic and transonic
speeds, for the nose-boom installationutilized during flights Band C,
by the radar tracking method of reference 3. Limited airspeed-calibration
data obtained at supersonicspeeds indicate that the static-pressureerror
is negligible at small angles of attack and sideslip. It is believed that
the Mach numbers for flight B are accurate to approximately M = tO.01.

During the uncontrolledmaneuvers that occurred during these two
flights, the airplane encounteredlarge angles of attack and angles of
sideslipwhich produced large fluctuationsin the static pressure. The
pressure altitudes and Mach numbers are in error by an unknown amount
during these periods.

TESTS, RESULTS, AND DISCUSSION

This paper presents data obtained during three flights of the
X-1A airplane: flight A, a flight to high Mach number piloted by Major
Charles E. Yeager, and flights B and C, flights to high altitude piloted
by Major Arthur Murray.

A time history of Mach number, altitude, and normal-forcecoeffi-.
cient for flight A is shown in figure 5 for the period from launch to
about 5 seconds before the uncontrolledmotions started. The X-lAwas

launched at an altitude of about 30,500 feet. Three rockets were fired
about 10 seconds after launch and the fourth rocket was fired at about
k5,000 feet during the climb. A pushover was started at about 70,000 feet
which resulted in level flight at 76,000 feet, the altitude at which the
high-speedrun was made.

Time histories of all measured quantitiesfor times subsequentto
figure 5 are shown in figure 6. These data, except the accelerations,
altitudes,Mach numbers, and CNA> were furnishedby the Bell Aircraft

Corp. as obtained from’theti flight recorder. During this flight the
normal accelerationrecorder was subject to intermittentsticking and
the transverse accelerationrecorder was off scale several times; how-
ever, where they are shown, these quantitiesare believed to be reliable.

-.

A post-flight instrumentinspectionrevealed that the rate-of-pitchand
rate-of-yaw indicatorswere damaged during the flight. It is not known

SECRET

—_____



NACA RM B?j5G25 SECRE!I 7

at what time during the flight the damage occurred, therefore the magnitude
of the values shown on the time history may be in error. Neverthelessit
is believed the data are suitable for qualitativeindications.

In the first portion of figure 6 the airplane is in steady, con-
trolled flight with about ~ of rudder and 1° of aileron required for
trti. This lsrge out-of-trimconditionhas been encounteredduring all
flights of the X-lA and will be discussed in a following section of this
paper. At about time 284 seconds a slow rolling motion to the left started
and aileron, then rudder, were applied for control. The airplane responded,
but appsxentlytoo much control was applied and the airplane commenced
rolling more rapidly to the right. In attemptingto correct for this con-
dition, the control movements caused the airplane to snap abruptly into
a rapid roll to the left. The rockets were shut off and almost immediately
a peak recorded value of M = 2.47 was reached. A reasonable fairing of
the oscillatoryairspeed-altituderecord indicates an average Mach num-
ber of 2.4-4during this period. (See appendix.) The uncontrolledmotions
of the airplane resembled an oscillatoryspin with large normal and trans-
verse accelerationsencounteredand with periodic reversals of roll
direction.

During these violent motions, full airplane nose-up stabilizerwas
applied at time 324 seconds which caused a high g level to be reached
and maintained until recovery was effected. The airplane lost altitude
rapidly and deceleratedduring these gyrations, ending finally in a spin
at subsonic speeds. Recovery from the spin was effected at about
25,000 feet.

Figure 7 presents time histories of Mach number, altitude, and normal-
force coefficientfor flight B for the period from launch to about 5 sec-
onds before the uncontrolledmotions started. The flight during this
initial period is similsr to flight A except, since the objective of this
flight was to attain high altitude, the climb was continued above
75,000 feet. Presented in figure 8 are the histories of all the measured
quantities for a period subsequentto the times of figure 7. The sideslip
angle recorder was subject to intermittentsticking during the flight, how-
ever the data are believed to be reliable where shown on the time history.

An inspectionof the horizon camera records indicatedthat roll angles
of about -3° to 5° were encounteredduring the climb as a result of control
motions. At about time 281t.5seconds, a roll to the left to about 10° was
encounteredwhich was correctedby aileron and rudder control application.
The airplane responded and rolled toward a level attitude. The aileron
was then moved to stop the rolling and rudder pedal force was reduced to
return the rudder to the trim position. The rudder moved very little,
however, and did not regain its trim position until the rudder pedal force
was reduced from a peak value of 70 pounds, right, to almost zero. The
rudder moved abruptly from trim position, approximately60 right, to
about 1° left with the applicationof about Zllpounds left rudder pedal
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force. This overcontrolling,apparentlydue to excessive friction, caused
developmentof a considerablerate of roll of about 2 radians per second.

The rockets were cut and the airplane continued to climb while
rolling out of control, reaching a peak recorded pressure altitude of
about 89,000 feet. This value was obtained at a peak in the static pres-
sure fluctuations,and radar data, used for determiningthe maximum geo-
metric altitude, were not obtained above about 85,000 feet. After fairing
the pressure altitude data and correctingfor the differencebetween pres-
sure and geometric altitude encounteredat 813,000feet, it appears that
a maximum geometric altitude of about 90,000 feet was reached. (See
appendix.)

The motions and accelerationsduring flight B were not as violent
as during flight A, apparentlybecause of the higher altitude and lower
Mach number. Also, the previous occurrence of this behavior in flight A
enabled the pilot of flight B to anticipatethe control required if the
same trouble were encountered. By using the rudder and ailerons, he was
able to control the motions to some extent; however, it was apparently
very easy to overcontrol. Recovery was finally effected at about
65,000 feet and at a Mach number of about 1.76.

Subsequentto these flights, wind-tunneltests were performed in
the Langley 9-inch supersonictunnel on a model of the X-1A. These tests
(unpublished)showed that both the directionalstabilityand damping in
roll are very low at Mach nunibersabove about 2.0. The directionalsta-
bility at zero lift was found to be zero at about M = 2.3.

Consideringthe lack of directionalstabilityat Mach nunibersnear
“’2.3, it is not surprisingthat the airplane encountereduncontrollable
“ motions on flight A. At M = 1.97, however, the speed at which diffi-
culty was encounteredon flight B, the airplane has a value of Cn at

P
zero angle of attack of about 0.0008 per degree which formerly was con-
sidered sufficientfor airplanes of the general configurationof the X-1.A.
However, the value of ~p required for stability is criticallydependent

upon the mass distributionand the values of the other stabilityderiv-
atives. At high rates of roll, inertial couplingmay be sufficiently
strong to require a considerablylarger value of Cn

9
for stability.

Therefore lateral difficultymay be experiencedat the value of Cn
P

indicatedby the tunnel tests, and if, as is probable, CnP is reduced

by increasingangle of attack (shown in tunnel tests of other configu-
rations, ref. 4), lateral clifficulties are even more likely.

SECRET



NACA RM H55G25 SECRET 9

A rather simplifiedanalysis of the inertial coupling is reported
in reference 5. Such an analysis has been applied to the X-lA at M = 2.0
by W. H. Phillips of the Langley Laboratory as follows: For a Mach num-
ber of 2.0,

c%
was assumed as -0.027 per degree, and Cn

P
was assumed

0.001 per degree. These values yield values of ~ = 2.36 radians/see

and ~= 1.o6 radians/see for the frequenciesof the nonrolling air-

plane. The oscillationfrequenciesof the rolling airplane are obtained
by the method of reference 5 and are presented as a function of rolling
velocity in figure 9. As figure 9 shows, the short period (pitch) mode
increases in frequencywith rolling, whereas the long period (yawing)
mode initiallydecreases in frequency as rolling velocity increases. As
indicated in figure 9 the long period mode becomes unstable at a rate of
roll of about 1.15 radians/seeand becomes stable again at 2.4 radians/see,
whereas at still higher rates of roll the frequency increasesfrom zero.
During rolling, both modes will appear in the pitch and yaw records. The
criticalroll velocitieswould be reduced if, as appears likely, the true
value of Cn

P

From this
is as follows:
unintentional,

were less than 0.001:

analysis, a tentative explanationof the X-1A maneuvers
A rolling velocity is encountered,either intentionalor
which exceeds the critical value and the airplane diverges

in yaw. This sideslip combinedwith positive yaw due to roll and with
the positive dihedral effect increasesthe rolling velocity and the rate
of divergence in yaw. Soon a sufficientlyhigh rolling velocity is
obtained to enter the stable region. In this region the two oscillatory
modes have periods of about 1.4 seconds and 6 to 12 seconds. After the
long period mode completes a half cycle, the sideslip goes through zero
and the rolling velocity reverses. As the rolling velocity builds up
again, the unstable region is once more traversed. Because of the ineffec-
tiveness of the ailerons, the pilot is able to influencethe motion only
when the rolling is reversing;thetsideslipangle is small and consequently
the rolling moment caused by effective dihedral is low. This is only a .
very short period during each cycle.

As discussed previously in flight B, the rudder was apparently sub-
ject to sticking (the pilot was unaware of this conditionbecause of the
high-controlfriction) and an abrupt 7° rudder movement was applied. The
rolling and yawing motions that would be produced by such a control input
were calculatedand are shown in figure 10. It can be seen that the roll
velocity produced by such a control motion could easily exceed the critical
rolling velocity discussedpreviously with relation to figure 10, possibly
resulting in a yaw divergence. It is apparent, therefore, that in this
condition,extremely careful flying is required.

Mention has been made of the largesmount of rudder control required
for trim with the X-1A. Figure 11 presents trim curves obtained from

SECRET
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flight B which indicate the rudder required increasesto a msximum of
about 8° at a Mach number of 1.95 while the aileron required is about ‘jo.
Comparison of this trim curve with data obtained with power off shows
that the right rudder is required only with power on, and therefore, the
trim is probably required because of misalignmentof the rocket engine
thrust axis with the airplane center of gravity. It would be expected
that, because of this out-of-trimcondition,shutting off the rocket
engines would impose a yaw disturbanceon the airplane similar to a
rudder kick of this amplitude. Figure 12 shows time histories of the
measured quantities for flight C with conditionsalmost identicalto
those existing at the start of the uncontrolledmotions of flight B,
that is, M = 1.97; hp = 87,000 feet. At the start of the time histories

the airplane was in fairly steady flight, but when the rockets were cut
off the airplane abruptly yawed and rolled to the right. Rapid control
motions apparentlyprevented the developmentof the uncontrollablemotions
experienced in flight B. The rockets were cut shortly after the first
pronounced rolling on both flights A and-B, possibly aggravatingthe
motions.

CONCLUDINGREMARKS

On two flights of the X-1A airplane, one reaching a Mach number of
about 2.44, the other a geometric altitude of about 90,000 feet, lateral
stabilitydifficultieswere encounteredwhich resulted in uncontrolled
rolling motions of the airplane at Mach numbers near 2.0. Analysis indi-
cates that this behavior apparentlyresults from a combinationof low
directional stability and damping in roll and may be aggravatedby high
control friction and rocket motor misalignment. The deteriorationof
directional stabilitywith increasingMach number can lead to severe
longitudinal-lateralcoupling at low roll rates. The misalignmentof
the rocket motor could induce sufficientlyhigh roll velocitiesto excite
coupled motions. Adequate control of these motions was virtually impos-
sible because of the high control friction. In the absence of rolling,
poor lateral behavior might be expected at somewhat higher Mach numbers
because wind-tunnel data indicate neutral directional stabilityat
about M = 2.35.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,

Edwards, Ca-Mf.,

‘p~%i~-~
Reseuch Airplane Frojects

m

July 7, 1955.

Hubert M. Drake ..
AeronauticalResearch Scientist

Leader
Wendell H. Stillwell
AeronauticalEngineer
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APPENDIX

Determinationof MsAmm Mach Number

Maximum Altitude

11

and

recorded Mach numberMaximum Mach number for flight A.- The maximum
for flight A is shown in figure 6 at time 295.2 seconds to be M = 2.467.
This value occurs during pitching and yawing oscillationswith large angles
of attack and sideslip being attained. The flow angularitiesin the region
of the static pressure orifices caused large fluctuationsin static pres-
sure and indicatedthat the maximum Mach number could be considerablyin
error inasmuch as it occurred at a peak of the static pressure fluctua-
tions. It was impossibleto correct the static pressures in the normal
manner from radar-trackingdata because of a failure of the radar syn-
chronizationsystem during this flight.

To arrive at a reasonable value for maximumMach number, an expanded
time history of the Mach number data was plotted and a smooth fairing of
the curve was made. The maximum Mach number indicatedby the fairing
was 2.435 with a scatter of the recordedMach number data of M1.07 about
this curve. The instrumentaccuracies for this Mach nuniberand altitude
introduceerrors of less than m.01 in Mach nuniber,therefore, the accuracy
of msximum Mach number was based upon the estimated accuracy of the fairing
of about ti.07 in Mach number.

The maximum true airspeed correspondingto a Mach nmber of 2.435 @.07
and for a standard atmospheretemperaturewas 1612 *7O mph.

Maximum altitude for flight C.- The maximum altitude attained by
the X-1A occurred during flight C at about time 382.5 seconds of figure 12.
The exact value of pressure altitude for standard NACA atmospherewas
88,5~ feet with an uncertaintyof about ~~0 feet for the recorder
accuracy.

The maximum geometric altitude was obtained from radar-phototheodolite
data that showed the maximum altitude to be 90,440 feet. These data were
obtained at about the maximum operatingrange of the radar phototheodolite
and the errors at these ranges are estimated to be ‘@O feet.
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hgine . . . . . . . . . . . . . . . . . . . . . . . . . . .. ReactionMotors,Inc.,M~el E-6@0-C4
Rating,staticthrustat sea levelfor each of the four rocketcyldnders,lb . . . . . . . . 1,~0
Propellant
~el . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . ...~natured alcohol~d~ter
Oxidizer. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Liquido~gen

Fuel feed . . . . . . . . . . . - . . - . . - . . . . . . . HydrogenperoxideturbinedrivenpumF

Weight:
Grossweight, lb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16,487
Landingweisht,lb..................................... 7$266

Center-of-gravitytravel,percentmean aerodynamicchord . . . . . . MEximum~.16percentN load
to 19.55percentempty

Overallheight,ft. . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . 10.70

Overal.llength,ft. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - 35.55

wing:
Area (includingsectionthroughfuselage),sq f
Span,ft.. . . . . . . . . . . . . . . . . .
Airfoilsection . . . . . . . . . . . . . . .

Mean aerodynamicchord,in. . . . . . . . . .
Location(rearwrd of leading-edgeroot chord

Aspectratio. . . . . . . . . . . . . . . . .
Rootchord, in. . . . . . . . . . . . . . . .
Tipchord, in. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .
. . . . . . .
IiACA651-1o8

. . . . . . . . . . . . . . . . . . . . . . ly3
28

a=l)

. . . . . . . . . . . . . . .
,in. . . . . . . . . . . . .
. . . . . . . . . . . . . . .
. . . . . . . . . . . . . . .
. . . . . . . . . . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .

. . . . . . .
Ta~erratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Incidence,deg
Root. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
TiP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . .

%eepback(lesdingedge), deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Dihedral(chordplane),deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Wing flaps (plain)
Area, sqft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Travel,deg . . . . . . . . . . . . . . . . . . . . . . . . . . - . . - . . . . . . . . .

Aileron

57.71
;.;;

7i.2
37.1
2:1

11.46
60

Area (eachaileronbehindhingeline),sqft . . . . . . . . . . . . . . . . . . . . . . . 3.21
Travel,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . *U

Horizontaltail:
Area, sqft . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . . . . . . . 26
Span,ft.......................................... 11.4
Rootchord, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36.5
Tipchord, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . . . 0 . . 16.25
Aspectratio. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
Dihedral,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0
Sweepbackatleadingedge, deg. . . . . - . . . . . . . . . . . . . . . . . . . . - . . . . 11.97
Stabilizertravel(poweractuated),deg
Noseup . . . . . . . . . . . . . . . . . . . .’. . . - . . . . . . . . . . . . . . . . . k tl/2
Nose down . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9+1/2

Elevator(no aerodynamicbahnce)
Area, sqft . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . . . . . . . . 5.2
Travelfrom stabilizer,deg
m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
lhwn.......................................... 10

Verticaltail:
Area (excludingdorsalfin),sqft. . . . . . . . - . . . . . . . . . . . . . . . . . . . . 25.6
Rootchord, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66.b
Tipchord, in.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.3
Fin
Area (excludingdorsalfln), sqft. . . . . . . . . . - . . . . . . . . . . . . . . . . . 20.4
Sweepbackatlead.ingedge,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21.67

Rudder (no aerodynamicbalance)
Area, sqft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -. - 5.2
Travel,aeg.............,.......................... ~15
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Figure l.- Three-view drawing of the X-1A research airplane. All dimen-
sions in feet.
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